Optimal Load Shedding Strategy for Selçuk University Power System with Distributed Generation  by Çimen, Halil & Aydın, Musa
 Procedia - Social and Behavioral Sciences  195 ( 2015 )  2376 – 2381 
Available online at www.sciencedirect.com
1877-0428 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Istanbul Univeristy.
doi: 10.1016/j.sbspro.2015.06.218 
ScienceDirect
World Conference on Technology, Innovation and Entrepreneurship
Optimal Load Shedding Strategy for Selçuk University Power 
System with Distributed Generation 
Halil Çimena, *, Musa Aydına
aDepartment of Electrical and Electronics Engineering, Selçuk University, Konya 42030, Turkey 
Abstract 
Traditionally under frequency relays and PLCs (programmable logic controller) are used for load shedding. Recently, these 
methods have been combined with smart power management systems to shed load automatically. These combined systems are 
the best methods. However, shedding exact amount of load is almost impossible, because it usually ends up with excessive or 
inadequate load shedding at feeders where it becomes necessary to sustain system stability. Disconnecting a certain amount of 
loads at a feeder is defined as load shedding. In case of emergency, faster and optimal load relief can be obtained with an 
intelligent load shedding system. This paper demonstrates an intelligent load shedding strategy in electrical system of Selçuk 
University Medical Faculty consisting different type and size of loads and being supplied by a distributed generator. Generators
which supply with Selçuk University Medical Faculty can’t meet energy requirement when there is a disturbance in power 
system. In case of 1 MW Solar power plant to be building at University Campus supply to Medical Faculty, the difference 
between power generation and demand will decrease. In this case, load shedding becomes necessary to improve reliability of 
power supply and sustain system stability. Loads are sorted by importance priority and optimal load shedding method is applied.
The fuzzy logic is employed for optimal load shedding solution. Strategy is applied on Medical Faculty loads which have 
different importance level. 
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1. Introduction 
Distributed generation is an electric power plant which is generally connected to the distribution network and 
located close to customers (Ackermann, Andersson, & Söder, 2001). It is small scale power generation units which 
include different types of technologies such as wind turbine, photovoltaic arrays, fuel cells, biomass or micro 
turbines. In the future, distributed generation is expected to make a major contribution to the existing electric power 
systems (El-Khattam & Salama, 2004). Recently, distributed generation penetration has been increased into 
distribution networks, which can impact positively or negatively under some conditions at customers and utility 
equipment. Distributed generation has some advantages such as loss reduction, improved utility system reliability 
and deferments of new or upgraded T&D infrastructure (Barker & de Mello, 2000). However, distributed generation 
penetration into the distribution networks will change the structure of distribution system; therefore new problems 
can occur in power systems. One of the issues is load shedding during islanded mode. The distributed generation 
system works independent from grid system in islanded mode (Xu & Girgis, 2001). 
Disconnecting a certain amount of loads at a feeder is defined as load shedding. It is an emergency management 
type which protects the power system. The power systems should supply continuous, quality and reliable electric 
energy to end user (Aponte & Nelson, 2006). However, when any failure occurs in power systems, it can’t meet 
energy requirement due to big difference between power generation and demand (Rao et al., 2013). System should 
shed some loads to compensate for big difference. If this difference is compensated with this technique, system can 
sustain stability and work more reliable. Traditionally under frequency relays, breaker interlock systems and PLC-
based systems (programmable logic controller) are used for load shedding. However these load shedding systems 
don’t consider system operating information. Although these are still best-guess methods, it usually ends up with 
excessive or inadequate load shedding at feeders. In case of emergency, faster and optimal load relief can be 
obtained with an intelligent load shedding system (Shokooh et al., 2005). 
To sustain the system stability, load shedding techniques are commonly applied. Different researches have been 
presented to deal with the load shedding problem in distribution network with distributed generation. In (Xu & 
Girgis, 2001), an optimal load shedding strategy for power systems with multiple DGs is presented and in this paper 
the load shedding is formulated as an optimization problem subject to system, operation and security constraints. In 
(Malekpour & Seifi, 2009), a genetic algorithm (GA) based optimal load shedding that can apply for electrical 
distribution networks with and without dispersed generators (DG). The objective is to minimize the sum of curtailed 
load and also system losses within the frame-work of system operational and security constraints. In (Hirodontis, Li, 
& Crossley, 2009), a load shedding method to provide safe operation of islanded distribution network is proposed. 
The proposed method determines magnitude of disturbance via swing equation. In (Laghari et al., 2012), efficient 
load shedding strategy based on fuzzy logic for islanding operation of a distribution network and generator tripping 
in distribution network is presented.  
This paper demonstrates an intelligent load shedding strategy in electrical system of Selçuk University Medical 
Faculty. When Medical Faculty is supplied by generators and a distributed generator during blackout, there will be 
difference between power generation and demand. In this case, load shedding becomes necessary to improve 
reliability of power supply and sustain system stability. Loads are sorted by importance priority and optimal load 
shedding method is applied. The fuzzy logic technique is employed for optimal load shedding. 
2. Methodology of Fuzzy Logic Load Shedding  
The basic components of fuzzy logic controller are fuzzification, inference mechanism, rule base and 
defuzzification units. System scheme is shown in Fig. 1.  
The first stage of the fuzzy logic is fuzzification. The fuzzification is to convert crisp numbers to fuzzy values 
which is indicated as linguistic variables (Mendel, 1995). The input values are classified as to membership 
functions. The fuzzy values are evaluated according to rules which provide relations between inputs and outputs and 
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are related with master information (Bai & Wang). The evaluated data by inference mechanism is sent to 
defuzzification unit. In the last stage, the fuzzy data should transform to real output values. This stage is called as 
defuzzification.
Fig. 1. Fuzzy logic controller scheme. 
This paper proposes an intelligent load shedding strategy in islanded mode electrical system which has a 
distributed generator. The fuzzy logic controller is operated to guess amount of loads to be shed. Load to be shed is 
estimated according to power generation of distributed generator and system generators and load demand of system.  
Two fuzzy logic inputs which are daily power generation of PV plant and daily load demand of system are 
continuously checked by the fuzzy logic controller. Total generator power generation is calculated according to 
inputs of fuzzy logic. If the total generator power and PV plant power can meet the energy requirement of system, 
load shedding is not necessary. Otherwise an exact amount of load guessed by fuzzy logic controller should be shed 
to sustain system stability. Load shedding method is applied according to importance priority of loads to keep 
working of critical loads which are most important loads. Loads are sorted by importance priority as critical, semi-
critical and noncritical. An exact amount of load is determined by fuzzy logic controller and SCADA system sheds 
the loads according to their importance priority. 
3. Designing of Fuzzy Logic Load Shedding System 
The designed fuzzy logic controller consists of two inputs and one output. The inputs are daily PV power 
generation and daily load demand of system. The output is amount of load to be shed. Controller aims to keep 
working important loads when there is a difference between power generation and load demand. The linguistic 
variables membership functions of inputs are Low, Medium and High. The membership functions of inputs are 
shown in Fig. 2(a) and (b). The linguistic variables of output are NOLS (No Load Shedding), NOCR (Noncritical), 
SMCR (Semi-critical) and CR (Critical) because of loads to be shed are sorted by importance priority. The 
membership functions of output are shown in Fig. 2(c). 
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Fig. 2. (a) Membership functions of PV power generation; (b) Membership functions of load demand, (c) Membership functions of load shedding 
The rules of fuzzy logic load shedding system are summarized in Table.1. 
Table 1. Fuzzy rules. 
                  PV Power Generation  
 Low Medium High 
 Low NOLS NOLS NOLS 
Load Demand Medium NOCR NOCR NOCR 
 High SMCR SMCR SMCR 
4. Case Study 
Selçuk University Medical Faculty is the most important building in campus because this building is a hospital at 
the same time. Installed power of hospital is 6 MW. If we consider diversity factor as %75, hospital’s needed power 
is 4,5 MW. 6 generators are located in the hospital. Each generator in the hospital is 680kVA. In case of 1 MW 
Solar power plant to be building at University Campus supplies to hospital, the difference between power generation 
and load demand will decrease. However PV plant and generators can’t meet hospital needed power when load 
demand is peak. During peak load demand, load shedding is required to sustain stability and to keep working 
important loads which are surgery rooms, intensive care units etc. Various loads of hospital are sorted by importance 
priority as critical, semi-critical and noncritical as indicated in Table 2.If load shedding is necessary, Loads will be 
shed respectively noncritical, semi-critical. Critical loads must always keep working because these loads are vital for 
human health. 
Table 2. Importance priority of hospital loads. 
Load No Load Types P (kW) Importance 
1 Laundry 150 Noncritical 
2 Support units 50 Noncritical 
3
4
5
6
7
8
9
10 
11 
12 
13 
Elevators
Laboratories 
Air conditioning plant 3 
Air conditioning plant 2 
Polyclinics 
Services 
Radiology 
Lighting System 
Air conditioning plant 1 
Emergency Elevators 
Medical gas plants 
100 
50 
1000 
1000 
350 
520 
720 
360 
1250 
75 
30 
Noncritical 
Noncritical 
Noncritical 
Semi-critical 
Semi-critical 
Semi-critical 
Semi-critical 
Semi-critical 
Critical 
Critical 
Critical 
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14 
15 
Surgery rooms 
Intensive care units 
160 
145 
Critical 
Critical 
Real data of PV power generation is acquired from 1 MW PV power plant which is installed near the Selçuk 
University Campus and continuously generates electric power. Daily PV power generation and daily load demand of 
hospital for March are shown respectively in Fig. 3(a) and (b). Total generator power generation which is calculated 
according to daily PV power generation of plant and load demand of hospital is shown in Fig. 4. Maximum value of 
total generator power generation is 3250 kW. If PV generation and maximum generator power aren’t enough for 
load demand, load shedding is performed according to importance priority of loads. 
      
Fig. 3. (a) Daily PV power generation for March (b) Daily load demand of hospital for March 
Fig. 4. Total Generator Power Generation According to PV and Load Demand 
     Obtained results for different hours are summarized in Table 3. Loads are shed according to fuzzy results. For 
example, guess of fuzzy logic controller is 390 kW at 12 p.m. First 5 noncritical loads should be shed since sum of 
them is approximately equal to guess of fuzzy. 
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Table 3. Obtained fuzzy results according to daily data of Pv -Load demand -Generator 
Hours Pv (kW) Load demand (kW) Generator (kW) Fuzzy (kW) Shed Loads 
6 123.7 2449.5  2325,8 0 - 
12 
14 
16 
18 
20 
22 
24 
911.1 
704.3 
325.3 
0
0
0
0
4441,7 
4321,1 
3928,9 
3391,7 
2761,3 
2153,8 
1829,5 
3250 
3250 
3250 
3250 
2761,3 
2153,8 
1829,5 
390 
384 
346 
256 
0
0
0
1,2,3,4,5 
1,2,3,4,5 
1,2,3,4 
1,2,3 
-
-
-
5. Conclusion 
This paper proposes an intelligent load shedding strategy for islanded electrical system which has a distributed 
generator. The strategy is applied on Selçuk University Medical Faculty. The amount of loads to be shed is 
determined by fuzzy logic based on acquired real data of PV power generation and load demand. According to 
importance priority, these loads are shed by SCADA system. The proposed method provides vital loads in the 
buildings; such as hospital, data centers, to work continuously and primarily sheds noncritical loads. The system 
reliability is raised and optimal load shedding is provided by this proposed method. 
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